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INTRODUCTION
F or nontonal languages, speech perception skills may be broadly categorized into two main areas: segmental perception and suprasegmental perception. Segmental perception requires encoding of individual phonemes (vowels and consonants) of the speech signal to facilitate understanding words and sentences. Suprasegmental perception requires encoding of intonation, stress, and rhythm in the speech signal to facilitate discerning specific attributes of the talker such as talker identity, age, dialect, and emotion. Segmental perception may be viewed as understanding the meaning of speech or ''what is said'' and suprasegmental perception as ''how it is said.'' Both types of information are simultaneously encoded in the speech signal and are necessary for effective spoken communication (Abercrombie, 1967; Pisoni, 1997) .
For typically developing infants with normal-hearing (NH) sensitivity, both segmental and suprasegmental perception play critical roles in the development of spoken language. For example, infants with NH presumably attend to the acoustic cues of intonation, stress, and rhythm (suprasegmental perception: information regarding how something is said or who said it) before they are able to interpret phonemes unique to their spoken language (Werker and Yeung, 2005) . And, for spoken English, infants seemingly attend to the typical intonation patterns of natural speech and to the exaggerated intonation patterns of child-directed speech to identify word boundaries that enable the learning of words (Jusczyk et al, 1999; Seidl and Cristià, 2008; Seidl and Johnson, 2008; Swingley, 2009) . These abilities, to hear intonation patterns and then attend to them, are thought to be fundamental to early language processing and vocabulary acquisition (Thiessen et al, 2005; Werker and Yeung, 2005; Massicotte-Laforge and Shi, 2015) .
The presence of hearing loss (HL) at birth or during early infancy disrupts these critical perceptual processes (segmental and suprasegmental), resulting in welldocumented deficits in spoken language skills (Lederberg et al, 2000) . Yet current standard clinical protocols focus primarily on assessing segmental properties of speech perception, such as phoneme, word, and sentence perception (AAA, 2013) . There are many recent reports on segmental speech perception abilities for children with varying degrees of HL and various hearing devices (i.e., hearing aids [HAs] and/or cochlear implant [CIs] ) (Dunn et al, 2014; Walker et al, 2015; Wolfe et al, 2015) .
Interestingly, several decades ago, before the widespread use of CIs, both segmental and suprasegmental perception skills were often examined in children with HL (Hack and Erber, 1982; Boothroyd, 1984) . Both types of perception were examined in an effort to understand how amplified speech could combine with visual speech cues to facilitate comprehension of spoken syllables and words. Most of the children in these studies had severe-to-profound HL, and most were tested under earphones; that is, they were not tested with their personal HAs. Erber and colleagues conducted a number of studies that established a relationship between hearing level (pure-tone average [PTA] at 0.5, 1, and 2 kHz) and perception of syllable stress and of speech features in children ages 9-15 yr (Erber 1972a,b; 1979; Hack and Erber, 1982) . They found, overall, that perception of stress pattern (a suprasegmental aspect of speech) was better than perception of speech segments or speech features. Similarly, Boothroyd conducted experiments that assessed suprasegmental and segmental speech perception in children with HL (11-19 yr old). Listeners were grouped by PTA for subsequent analyses. Overall, group performance decreased with increasing HL, and performance was better on most of the suprasegmental tests than on most of the segmental tests (exceptions: perception of vowel height was better than of talker gender, and perception of intonation was poorer than perception of consonant voicing and continuance). Although these decades-old studies with children with HL evaluated both segmental and suprasegmental perception, their results are neither definitive nor comprehensive. For example, some questions left unanswered are, How would these children perform using their HAs, or modern HAs, or currently available CIs? How would children with lesssevere HL perform? How would children with HL perform on other tests of suprasegmental perception, such as discrimination among female talkers or discrimination of syllable stress?
More recently, a number of studies have reported on segmental and suprasegmental speech perception in children with HL, especially those with severe-to-profound HL who use CIs or HAs (Most and Peled, 2007; Geers et al, 2013) . This interest in examining both types of speech perception is motivated by clinicians' desire to recommend the best devices for a child, including the option of bimodal devices (one CI and one HA in opposite ears), and by the knowledge that segmental and suprasegmental cues may be affected differentially by the type of hearing device(s) (i.e., CI and/or HA) (Kong et al, 2005) . While children with CIs typically perform better on segmental perception (e.g., word and sentence recognition) than children with severe-to-profound losses with HAs, the opposite is true for suprasegmental perception (e.g., discrimination of stress, pitch, and emotion) (Osberger et al, 1991; Boothroyd and Eran, 1994; Blamey et al, 2001; Most and Peled, 2007; Most et al, 2011) . HAs can convey suprasegmental information well, but are limited, primarily by the degree of HL of the listener, in the delivery of the spectral content of speech segments. By contrast, CIs do not convey very well the low-frequency, voice-pitch-related acoustic information needed for suprasegmental perception (Grant, 1987; Carroll and Zeng, 2007; Most and Peled, 2007; Nittrouer and Chapman, 2009; Most et al, 2011) but do convey fairly well temporal-envelope information across a wide range of frequency regions such that recognition of vowels and consonants (segmental perception) is often very good (Van Tasell et al, 1992; Shannon et al, 1995) .
For listeners with HL who use bimodal devices, most research suggests that low-frequency acoustic cues transmitted via the HA may be responsible for their good speech perception abilities (Tyler et al, 2002; Ching et al, 2007; Most and Peled, 2007; Dorman et al, 2008; Nittrouer and Chapman, 2009; Most et al, 2011; Sheffield and Zeng, 2012) . However, results are varied as to the degree of residual hearing necessary for bimodal benefit, and most studies are from adult participants. One study with adults (Dorman et al, 2015) suggests that thresholds ,60 dB HL at 125-500 Hz predict maximum benefit for speech recognition in noise, while another suggests that thresholds at frequencies ,500 Hz should not exceed 80 dB HL (Illg et al, 2014) . In addition to predicting bimodal benefit from acoustic hearing thresholds, other studies with adults examined the utility of frequency resolution ability (spectral modulation detection [SMD] , or spectral ripple perception) in predicting bimodal benefit. Zhang and colleagues (2013) found a relationship between bimodal benefit and the low-frequency hearing thresholds of the HA ear, the aided speech perception ability of the HA ear, and the SMD threshold at the HA ear. When the adult listeners were divided by HL (mild-moderate lowfrequency HL versus severe-profound low-frequency HL), only the SMD threshold was significantly correlated with bimodal benefit within both groups. In several other studies with adults, frequency resolution ability (SMD or spectral ripple perception) was reported to be significantly correlated with segmental speech perception (Litvak et al, 2007; Won et al, 2007; Saoji et al, 2009; Spahr et al, 2011) . Thus, assessing a listener's frequency-resolving ability has the potential to assist clinicians in determining a listener's benefit from using an HA, especially when combined with a CI (Bernstein et al, 2013) . Additionally, for pediatric listeners, the utility of examining frequency resolution ability can be particularly valuable, since frequency resolution tasks such as SMD are thought to be nonlinguistic. Eliminating or minimizing confounds attributable to children's language abilities (Rakita, 2012; Bernstein et al, 2013 ) is always desirable, especially when considering the utility of these measures for making device recommendations for very young children.
For pediatric HA users, several recent studies have examined relations among hearing levels, audibility, speech perception, and language skills (Blamey et al, 2001; Davidson and Skinner, 2006; Scollie, 2008; Stiles et al, 2012) . In these studies, hearing levels were represented by PTAs, and aided audibility was represented by the Speech Intelligibility Index (SII). Strong relations were found between ''hearing'' and both speech perception and language skills. Again, however, only segmental speech perception, not suprasegmental perception, was examined.
A better understanding of the link between hearing level and perceptual outcomes is critical for pediatric patients who, because of their inchoate cognitive and language levels, are unable to complete extensive speech perception assessments. And, yet, since CI candidacy is frequently determined by 12 mo of age or younger, the audiological criteria for these very young children are based primarily on degree of HL (i.e., PTA). And, such audiological criteria for CI candidacy are based on empirical studies of segmental-type speech perception abilities of children using CIs ''or'' HAs, but not both types of devices together (Boothroyd and Eran, 1994; Eisenberg et al, 2000; Davidson and Skinner, 2006) . Examining both suprasegmental and segmental perception may help researchers develop an understanding of HL effects across the continuum of severity of HL. An improved understanding would be especially important for hearing device recommendations that are transitions (i.e., two HAs to bimodal devices, bimodal devices to two CIs). Clinicians should know how much acoustic hearing is enough to provide both good segmental and suprasegmental perception.
The long-term objectives of our research program are to understand better how degree of HL relates to segmental and suprasegmental perception, and how acoustic hearing contributes to bimodal benefit for spoken language for children with HL who are developing spoken language skills. This current study examines speech perception, both segmental and suprasegmental, afforded by acoustic hearing alone. The goal of this report is to determine the relationships, for pediatric HA users, among audibility (via hearing thresholds and SIIs), segmental speech perception, and suprasegmental speech perception. A secondary goal is to explore the relationships among frequency resolution ability, segmental and suprasegmental speech perception, and receptive language in this same population.
METHODS Design
This was a prospective, cross-sectional study. An audiological evaluation was completed with all participants, and their personal HAs were verified before testing. All participants were administered segmental and suprasegmental speech perception tests, a frequency resolution task, and a receptive vocabulary assessment. This research was approved by the Human Research Protection Offices of Washington University School of Medicine in St. Louis and University of Miami in Miami, FL.
Participants
A total of 23 children (11 males; 12 females) meeting inclusion criteria, recruited from collaborators' patient populations (e.g., a pediatric audiology clinic), oral schools for the deaf, and mainstream schools, were enrolled to participate in this research. Inclusion criteria were bilateral sensorineural HL, currently wear traditional HA(s) or previously wore traditional HA(s), use oral communication, are native to the English language, and have normal cognition. Participants were between the chronological ages of 4 yr 11 mo and 11 yr 11 mo (mean 5 8.5 yr; standard deviation [SD] 5 2.4 yr) at the time of testing. The recruiting clinician or facility reported normal cognition for all participants. Participant demographics are presented in Table  1 , and the unaided better-ear hearing thresholds of the participants are presented in Figure 1 . The children were identified with their HL at a range of ages (birth to 8 yr of age; mean 5 2.4 yr; SD 5 2.0 yr), and a number of etiologies of HL were reported, including unknown (n 5 16), genetic causes (n 5 2), enlarged vestibular aqueduct (n 5 2), meningitis (n 5 1), ototoxicity (n 5 1), and cleft palate (n 5 1). Nineteen of the participants wore bilateral HAs, two participants wore BiCROS devices, one participant wore only a right HA, and one participant with slight-to-mild HL had discontinued HA use. Note that for the two participants using BiCROS HAs (P20 and P21), one has unaided thresholds (at the better ear) in the mild range in the low frequencies rising to within normal limits in the mid-to-high frequencies, and the other participant has borderline normal/mild HL across frequencies at the better ear. Participant P13 has a steeply sloping HL with thresholds (at the better ear) within normal limits through 2000 Hz and a moderate-severe HL at 3000-8000 Hz. Participants used personal HAs from three manufacturers: Phonak (Warrensville, IL) (n 5 18), Oticon (Somerset, NJ) (n 5 3), and Widex (Long Island City, NY) (n 5 1), and were educated in a variety of settings, including oral deaf education programs (n 5 13), mainstream school systems (n 5 9), and homeschool (n 5 1).
Equipment and Procedures
Testing was administered at Washington University School of Medicine in St. Louis, the Central Institute for the Deaf in St. Louis, and Hear Now in Miami, FL. The Peabody Picture Vocabulary Test Version 4 (PPVT-4), the only standardized test in our battery, was administered according to the PPVT-4 Manual (Dunn and Dunn, 2007) . All other test materials were computerized and administered with a Dell Latitude D630 (Dell Computer Corporation; Round Rock, TX) or Panasonic PF-19 Toughbook (Panasonic Corporation of North America; Newark, NJ) computer. Auditory stimuli were delivered from the computer to an Anchor AN-100 speaker (Anchor Audio; Carlsbad, CA) at z60 dB SPL, as measured at the location of the listener's head, calibrated by a Quest Technologies 1200 Precision Integrating Sound Level Meter. Testing was completed in a single 2-to 2½-hr test session.
Audibility Measures
For each ear, unaided thresholds were obtained at octave frequencies from 250 to 8000 Hz and at 6000 Hz. PTAs (500, 1000, and 2000 Hz) and low-frequency pure-tone averages ([LF PTAs] 250 and 500 Hz) were calculated at both ears for each participant. The participants' better-ear PTA and better-ear LF PTA were used for data analysis.
Electroacoustic analyses were conducted to verify the gain and output of the participants' HAs, using Desired Sensation Level targets (Scollie et al, 2005) and an Audioscan Verifitä (Audioscan; Dorchester, ON, Canada) system. SIIs (ANSI, 1997) were calculated by the Verifitä system using the standard speech stimulus (carrot passage) for soft (50 dB SPL) and conversational/average (60 dB SPL) speech levels. All testing was completed using the participants' personal HAs, as programmed by their managing audiologist; no changes were made to the HAs before or following testing. The better-ear SIIs, computed for soft and average/conversational levels, were used for data analyses. For the participant who had discontinued HA use, an unaided SII was calculated for the better ear.
Outcome Measures
Pediatric patients participated in tests that assessed segmental (Lexical Neighborhood Test [LNT] in quiet and noise) and suprasegmental (stress and talker discrimination) perception, frequency resolution ability (SMD), and receptive vocabulary (Peabody Picture Vocabulary Test [PPVT]) abilities.
The LNT (Kirk et al, 1995) consists of two lists of 50 monosyllabic words (25 ''lexically easy'' and 25 ''lexically hard'') drawn from the vocabulary of 3-to 5-yr-old typically developing children. List 1 was presented, in quiet, at a conversational level (60 dB SPL), and List 2 at a signal-to-noise ratio of 18 dB (speech at 60 dB SPL, four-talker babble at 52 dB SPL). The participant was instructed to repeat what was heard.
The within-female talker discrimination task assessed the ability to discriminate among female talkers based on voice characteristics (Geers et al, 2013) . The recorded stimuli, a subset of the Indiana multitalker speech database (Karl and Pisoni, 1994; Bradlow et al, 1996) , included eight adult females producing the Harvard IEEE sentences (IEEE Subcommittee, 1969) . In each trial (32 trials total), the participant heard two different sentences and was instructed to indicate whether those sentences were spoken by the same female talker (16 trials) or different female talkers (16 trials).
The stress discrimination task is a newly created test that assesses whether a child can discriminate stress patterns of bisyllabic (consonant-vowel-consonantvowel) nonwords. Recordings were made of an adult female producing two different phonetic bisyllabic nonwords (''badu'' and ''diga'') with three different stress patterns (spondaic, trochaic, iambic). The digital recordings were modified slightly, using Antares AutoTune software (Antares Audio Technologies, LLC; Scotts Valley, CA), to create stimuli with the same total nonword duration, the same overall nonword intensity, and with specific acoustic properties to reflect syllabic stress. Compared to vowels in unstressed syllables, vowels in stressed syllables have elongated duration, increased intensity, and increased fundamental frequency (F0). For spondaic stress nonwords, both vowels are z250 msec in duration, have the same root mean square, and have approximately the same F0 of 145 Hz. For the trochaic stress nonwords, the first vowel is z285 msec, while the second is 142 msec in duration; the first vowel is z5 dB more intense than the second; and the first vowel has a F0 z40% higher than the second (202 Hz versus 142 Hz). And, for the iambic stress nonwords, the first vowel is z140 msec, while the second is z270 msec; the first vowel is z5 dB less intense than the second; and the first vowel has a lower F0 than the second (148 Hz versus 157 Hz). In each trial, two stimuli, with the same total duration, same RMS, and same phonetic sequence are presented. The participant was instructed to respond whether the two bisyllabic sequences have the ''same'' stress pattern or ''different'' stress patterns. In 30 total trials, 18 trials have the same stress pattern (6 trials each of spondee-spondee, trochee-trochee, iamb-iamb) and 12 trials have different stress patterns (4 trials each of trochee-spondee, iambspondee, trochee-iamb). The SMD task assesses frequency resolution ability (Litvak et al, 2007; Saoji et al, 2009 ). Each trial is a three-interval, three-alternative forced-choice task. Three nonlanguage, noise stimuli are presented. One of the three stimuli in each trial is a noise with spectral modulation while the other two are noises with no spectral modulation (i.e., unmodulated spectrally, like white noise). Different spectral modulation frequencies and depths are mixed in the set of 60 trials employed here. All the noise stimuli were obtained from colleagues at Arizona State University (Spahr, personal communication) and are similar to those used by Eddins and Bero (2007) in a study with NH listeners. The stimuli were created by modifying a four-octave wide (z350-5600 Hz) white noise with the application of a desired spectral modulation depth and frequency, and with a random starting phase in the spectral modulation. Inverse Fourier transformations of the noise spectrum produced a waveform with a specified spectral shape. Two spectral modulation frequencies, 0.5 and 1.0 cycles/octave, and five spectral modulation depths, 10, 11, 13, 14, and 16 dB, are represented equally in the set of 60 trials. All stimuli were 350 msec in duration and had the same overall level. The participant was instructed to choose the noise that sounded different from the other two.
The PPVT-4 assesses receptive vocabulary ability (Dunn and Dunn, 2007) . Words of increasing difficulty were presented verbally along with a page of four pictures. Participants were instructed to point to the picture best representing the word presented.
Statistical Analysis
Pearson correlations were computed to examine the relations between measures of audibility (LF PTA, PTA, and SII) and speech perception (suprasegmental and segmental), and frequency resolution ability (SMD) and speech perception. Correlations between SMD and receptive vocabulary were also examined. The correlations between age and measures of audibility, frequency resolution, and speech perception were examined. More elaborate statistical analyses were not deemed appropriate due to a relatively small sample size and to violations of linear regression assumptions (e.g., nonnormal distributions for some of the data and collinearity among some variables). Figure 1 , participants had a wide range of HL. The average better-ear PTA was 45.4 dB HL (SD 5 18.3), and the average better-ear LF PTA was 36.0 dB HL (SD 5 18.2). These values reflect the general trend for children to have better thresholds in the low-to-mid frequency range compared to thresholds at high frequencies. Examination of Verifitä fitting data revealed that of the 22 children using HAs in this study, all but two children had outputs at soft and conversational speech levels that met Desired Sensation Level targets at 250-4000 Hz for at least one ear. Figure 2 shows the distributions of SIIs for soft and conversational speech. The mean SII for soft speech (50 dB SPL) was 65.0 (SD 5 17.9), while the mean SII for conversational speech (60 dB SPL) was 75.4 (SD 5 14.5). The scores for the LNT words in quiet and noise are shown in the box plots in Figure 3 . The mean LNT word score in quiet was 84% correct (SD 5 16) and in noise, 69% correct (SD 5 16).
RESULTS
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For the suprasegmental perception tests (see Figure  3) , most participants scored above chance levels of performance (50% correct for both talker and stress discrimination). The mean score for the stress discrimination task was 82% correct (SD 5 17), with 22 participants scoring above chance. Twenty participants scored above chance on the talker discrimination task, with a mean score of 68% correct (SD 5 16). Twenty participants scored above chance for the SMD task (33% correct), with a mean score of 61% correct (SD 5 24).
Raw and standard scores were computed for the receptive vocabulary (PPVT) results. A raw score corresponds to the number of items below a basal level plus the number of items correctly selected. This raw score can be converted to a standard score relative to the age-appropriate normative group, where the mean is set at 100 with an SD of 15. Both the raw and standard scores of the PPVT are reported and used for analysis in this research because all other test measures are not standardized. The standard scores of the participants in this study ranged from 75 to 124 (mean 5 94.2; SD 5 13.1). Five of the participants scored at or above 100 (the normative mean for NH children), 13 of the participants scored within 1 SD below the normative mean (i.e., had standard scores in the 85-100 range), and 5 scored within 1-2 SDs below the normative sample (i.e., had standard scores in the 70-85 range).
Correlation values among demographic characteristics (age at test), measures of audibility (PTAs, SIIs), perception scores (segmental, suprasegmental, frequency resolution ability), and receptive language ability are presented in the Appendix. All outcome measures (LNT in quiet, LNT in noise, stress discrimination, talker discrimination, SMD, PPVT raw scores) were significantly correlated with age (r values range from 0.41 to 0.85, p values from ,0.0001 to 0.05). As the children increased in age, their performance on these tasks improved. None of the measures of audibility (PTA, LF PTA, SII-soft, SII-average) were significantly correlated with age. As expected, the audiological variables (PTA, SII-soft, SIIaverage) were significantly correlated with each other (r values range, in magnitude, from 0.46 to 0.94; p values range from ,0.0001 to 0.028). As might also be expected, the measures of segmental perception were significantly correlated with each other (LNT in quiet and LNT in noise; r 5 0.84, p , 0.001) as were the measures of suprasegmental perception (stress discrimination and talker discrimination; r 5 0.80, p , 0.001).
LF PTA was significantly correlated with suprasegmental perception, both stress discrimination (r 5 20.50, p , 0.01) and talker discrimination (r 5 20.47, p , 0.05). The scatterplot in Figure 4 shows LF PTA versus talker discrimination performance: participants with better LF PTAs have better talker discrimination scores. Traditional PTA was also significantly correlated with stress discrimination (r 5 20.48, p , 0.05) but was not significantly correlated with talker discrimination. However, the measures of audibility (PTA, LF PTA, SII-soft, SII-average) and segmental speech perception (LNT in quiet and LNT in noise) were not significantly correlated. The scatterplot in Figure 5 shows an example relation that is not significantly correlated, namely LF PTA versus performance on the LNT in noise.
The SMD scores were significantly correlated with both PTA (r 5 20.57, p , 0.01) and LF PTA (r 5 20.59, p , 0.01), but were not significantly correlated with SIIs. SMD scores were also significantly correlated with measures of both suprasegmental and segmental speech perception as well as with receptive language scores, both raw and standard (r values range from 0.49 to 0.77, p values range from ,0.0001 to 0.018). The scatterplot in Figure 6 shows performance on the SMD task versus PPVT standard score (score relative to the age-appropriate normative group). Children who performed better on the SMD task had better standardized receptive vocabulary scores.
DISCUSSION
C linicians tend to focus on the relationship between audibility and segmental speech perception (perception of ''what is said''). The relationship between audibility and suprasegmental perception (perception of ''who said it'' and ''how it is said'') has been less studied and is not as well understood. Perception of suprasegmental features of speech is undeniably important, though, in particular for early speech and language development (Werker and Yeung, 2005) , as well as for later conversational benefits of recognizing who the speaker is and the intent of the spoken message. Further understanding this relationship might guide clinicians' recommendations for hearing devices for children with HL as they develop spoken language. In addition, measures of frequency resolution have been thought to assist in predicting benefit from amplification (Bernstein et al, 2013) . Learning more about frequency resolution ability, assessed with nonlinguistic stimuli, and its relationship to speech perception might assist audiologists in making hearing device recommendations (Rakita, 2012; Bernstein et al, 2013) . The purpose of this study was to explore these relationships between audibility, and segmental and suprasegmental speech perception, as well as the relationship between audibility, frequency resolution ability, and speech perception in children who use HAs. These results may be particularly important when considering moving from bilateral HAs to bimodal devices, as the HA is an important component of the bimodal device configuration, providing good LF information for bimodal benefit (Nittrouer and Chapman, 2009; Zhang et al, 2013) .
In contrast to the results of other studies (Davis et al, 1986; Delage and Tuller, 2007; Stiles et al, 2012) , including the work of Davidson and Skinner (2006) , this current study did not find a relationship between audibility (unaided PTA or aided SII) and segmental perception. The absence of this relationship in this current research may be attributed to a number of factors. Most notable is the high level of overall speech recognition performance, particularly for the LNT words presented in quiet. The mean score for the HA group is 84% correct, with only three participants' scores ,70%. Even when the LNT words are presented in noise, recognition remains relatively high (69% correct, with only four participants' scores ,60%). The participants in the Davidson and Skinner study (2006) , in general, had less residual hearing and poorer scores on the LNT in quiet (mean 5 54%, range 5 10-85%). Furthermore, aided SIIs for conversational speech (60 dB SPL) were generally high (SII range 5 34-98). And, it is important to note that the majority of the participants' (n 5 19, z83%) aided SIIs for conversational speech were $65, the minimum aided SII that has been suggested for developing spoken language skills of children with HL (recent pediatric studies: Stiles et al, 2012; McCreery et al, 2013) . Thus, the relatively high levels of word recognition in combination with relatively well-fit HAs and, in turn, the limited variability in aided audibility may have precluded finding a relationship between audibility and segmental speech perception.
While for these participants there were no significant relationships between audibility measures and segmental perception, there were relationships of interest between audibility measures and suprasegmental perception. In particular, LF PTA was significantly correlated with suprasegmental perception. Suprasegmental features of speech are primarily carried in voice-pitch-related properties, which are most prominent at low frequencies. This result further emphasizes the importance of the low-frequency audibility that HAs can provide, as demonstrated in numerous previous studies (Tyler et al, 2002; Carroll and Zeng, 2007; Ching et al, 2007; Most and Peled, 2007; Dorman et al, 2008; Nittrouer and Chapman, 2009; Most et al, 2011; Sheffield and Zeng, 2012) . Access to low-frequency sound energy via a HA in turn gives access to suprasegmental features of speech (i.e., the acoustic cues of intonation, stress, and rhythm), which may allow the HA user to attend to the same cues that NH children use in their early language development (Jusczyk et al, 1999; Werker and Yeung, 2005; Seidl and Cristià, 2008; Seidl and Johnson, 2008; Swingley, 2009) . The perception of these suprasegmental features is not only the basis of early language processing and vocabulary acquisition, but is also needed for successful communication throughout life. For example, good suprasegmental perception gives a listener the ability to discern who is speaking, and the ability to identify any overlaid emotional and/or sarcastic intent. Suprasegmental speech perception tests may become more relevant as children with greater degrees of residual hearing are considered for CIs. Many of these children will continue to use a HA at the nonimplanted ear, especially those with good low-frequency residual hearing thresholds (Firszt et al, 2012; Cadieux et al, 2013; Davidson et al, 2015) .
Results from the SMD task were of particular interest. Performing well on this task requires good suprathreshold hearing abilities: abilities beyond detection, the gold standard of audiometric testing (the traditional audiogram). Participants did not simply signal that they heard the three sounds (detection) but also that they could hear a difference among the three sounds presented (one with spectral modulation and two without). Hence, this task requires a discrimination ability, in this case a frequency resolution ability (due to the wideband, spectrally modulated-or not-nature of the stimuli). It has been suggested previously that performance on this task may be useful in predicting bimodal benefit (Bernstein et al, 2013; Zhang et al, 2013) . Others have found a relationship between SMD performance and segmental perception (Saoji et al, 2009; Spahr et al, 2011; Zhang et al, 2013) . In this current study, SMD was significantly correlated with the threshold measures of audibility (LF PTA and PTA) and with most outcome measures (PPVT raw and standard scores, LNT in noise, and stress and talker discrimination). There was also a trend toward a significant correlation with LNT in quiet, a relationship that might have been seen with more participants (n 5 23). These results indicate that performance on the SMD task is not only related to segmental perception, but also has a strong relation with suprasegmental perception.
Although the presumed nonlinguistic nature of the SMD task makes it a highly desirable test for children with HL, its potential usefulness may be tempered somewhat by the presence of a very strong relationship between SMD performance and age at test. This relationship indicates a developmental effect. This effect has also been reported by Rakita (2012) and Bridges (2014) for children with both normal and impaired hearing of similar ages. That is, as age increases, SMD performance (a type of spectral resolution ability) also increases. However, it is unclear whether this relationship is due to a developmental improvement in frequency-resolving ability (maturation in the auditory system) or to a developmental improvement in the ability to perform behavioral tasks, including psychoacoustic ones (due to a maturation in language skills and the ability to understand a task), or both. This task required concentration for z10-20 min and also required periods of pausing for reinstruction for the younger participants. These could be important factors to consider if using this task clinically.
The relationship between SMD and receptive vocabulary (PPVT) standard scores requires further investigation as to its utility and interpretation with young pediatric patients. SMD performance was significantly correlated with both the raw and standard scores of the PPVT. Since there is an apparent developmental age effect with the SMD task, the relationship between SMD performance and PPVT raw scores was not surprising. However, the PPVT standard scores take age into account (i.e., the developmental age effect is not carrying the significant correlation). Although smaller than that with PPVT raw scores (r 5 0.59 versus r 5 0.75), the significant relationship between SMD and the PPVT standard score suggests other interpretations. Although correlation does not specify causality, it might be that good frequency resolution (as measured by SMD performance) leads to good speech perception ability, which then leads to good vocabulary. These relations warrant further investigation, with larger numbers of participants of various ages. A timeefficient, nonlinguistic measure that predicts device benefit would be invaluable to clinicians, especially those who work with children (who can be difficult to test and may have limited language).
In addition to observing an age effect with performance on the SMD task, relationships with age were seen with all other outcome measures as well (LNT in quiet and noise, stress and talker discrimination). That is, as the age of the child increased, performance also increased. In this study, the children ranged in age from z5 to 11 yr at the time of testing. Again, the relationship between age and other perceptual outcome measures may be due to auditory maturation or maturation in the ability to concentrate and/or understand the task, or all of these.
CONCLUSIONS
T hese results may be important for helping clinicians decide how much hearing is needed for and potential benefit with selected hearing devices. This will be especially true for children with more severe HL, who may be candidates for one or two CI(s), to recommend the appropriate hearing devices for maximizing speech and language development. HAs provide low-frequency information that is key for perceiving suprasegmental information, and a period with HA(s) before cochlear implantation may be beneficial.
This current research supports the idea that HAs provide important low-frequency information, which facilitates suprasegmental speech perception. However, these results must be considered with caution, as there were only 23 participants enrolled in this study. Further research is needed to clarify the underlying mechanisms and developmental effects found with the SMD task. The potential clinical use of SMD and suprasegmental tasks is great, and further investigations using these types of tests with children with HL are warranted. 
APPENDIX
